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The agreement between the recent beam emission spectroscopy and microwave reflectometry measurements of the density fluctuations for the supershot discharges in TFTR1i2 and the 3D gyrokinetic particle simulation of the ion temperature gradient (ITG) drift instability3 have not only shown the importance of microturbulence for tokamak confinement but also pointed out the dominant role assumed by the long wavelength ( I c l p i < 1) fluctuations. In this paper, we report on the investigation concerning the effects of these long wavelength modes on transport scaling. More specifically, we have used various hydrogenic isotopes (ET+, D f , and T+) in the microturbulence simulation to study the trend for mass scaling and, in turn, to obtain some physical insight concerning the mechanisms responsible for anomalous transport.
Briefly, our simulation results give a favorable mass dependence for xi.
Although these simulations have been carried out under most idealized conditions and do not contain all the physics of realistic tokamak discharges, they do contain what we believe to be some of fundamental physics of tokamak plasmas. Therefore, it is not surprising that our mass scaling results are in qualitative agreement with the experimental trend observed in most of the existing tokamaks? However, the observed mass dependence is not as strong as the latest analyses from the D-T discharges in TFTR.5 In the nonlinear steady state of the simulation, two important physical characteristics related to the scaling have been identified: the widths for both the radial wavenumber spectra and the frequency spectra decrease with mass.
The significance of these observations will be discussed.
In the Simulation, we have used the Sf scheme for particle p~s h i n g ,~?~ for which the original equations of motion for the ion gyrocenters ' The simulation has been carried out on a 128x128~64 toroidal grid gives the measured ion thermal diffusivity for all three ion species. It has a mass dependence similar to that of the field energy. In this paper, we will focus on the scaling trend at saturation and at steady state.
To understand the physics for the observed isotope scaling, let us first study the radial wavenumber spectra taken at the linear stage just before the saturation as shown in Fig. 2(a) . The dominant modes are m w 16,13,11
for HS, D+, and Tf, respectively, and are characterized by their ballooning structure^.^ This is the period where k, is at its minimum. Using the full width half maximum (FWHM) as the reference point, one can see the k, -l/M1/4 dependence for the three species. This is in agreement with the theoretical predictions for the long wavelength toroidal instabilities that the radial structures are prescribed by the equilibrium profile" (i.e., L, in our case) and that, near the maximum gradient, the radial mode widths are proportional to p;"(c-M1/4).12-13 However, near the time of saturation and shortly afterwards, there is a breakup of these spatially coherent structures and the corresponding FWHM wavenumbers become more than doubled.
During the ensuing transition period, large amplitude oscillations in IC, take place between these two extremes. In the steady state, the amplitude settles to around Ak, M 0. 1~; ;
for 0 5 IC, 5 0. 5~;; and the time-averaged radial wavenumber spectra are shown in Fig. 2(b) . Here, the mass dependence 
